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Abstract: Site- and enantioselectiveintramolecularC-H insertionof a-methoxycarbonyl-a-
diazoacetamideshas been achievedby exploitinga p-nitrophenylgroupas the N-substituentand
dirhodium(II)tetrakis[N-phthaloyl-(S)-tert-leucinate]as catalyst, leading to the formation of 4-
substituted2-pyrrolidinonederivativesof up to 8.Moee. The eficiencyof lhepresentprotocolhasbeen
verifiedwellbya short-stepsynthesisof (R)-(-)-baclofen.
@1997Elsevier ScienceLtd. All rights reserved.

EnantioselectiveC-H insertionreactionof cz-diazocarbonylcompoundscatalyzedby chid dirhodium(II)
complexes is rapidly beeoming recognized as a potentially powerful means for the construction of both
carbocyclic and heterocyclic systems in optically active form.l Our efforts in this area have led to the
developmentof dirhodium(II)carboxylatesincorporatingN-phthaloyl-(S)-aminoacidsas the bridgingIigands,
whichcatalyze intramolecularC-H insertionreactionsof fx-diazocarbonylcompoundssite-seleetivelyto give
opticallyactive cyclopentanone,2-indanone,and 2-azetidinonederivativeswith up to 80%, 98Y0,and 74~0ee,
respectively.24 As a logical extensionof our studies,we have addressedenantioselectiveconstructionof 4-
substituted2-pyrrolidinonesvia a site-selectiveC-H insertionprocess.

Apartfromenantiocontrol,site-controlhas remaineda majorchallengein theenarstioselectiveconstruction
of heteroeyclesvia an intramolecularC-Hinsertionprocessin an acyclicsystem. It is well documentedthat site-
seleetivitiesin the rhodium(II)-catalyzedC-H insertionreactionof rx-diazoamidesare highlydependenton the
rz-substituentsof the diazo carbon as well as the N-substituents on the amide moiety.s,b For example,
cyclization of N-alkyl-N-terf-butyl-a-diazoacetamidespioneeredby Doyle and his coworkerswith Rh2(5S-
MEPY)4and Rh2(bS-h’fEOX)4gave a mixtureof 2-pyrrolidinoneand 2-azetidinonederivativesof up to 71%
and 80% ee, respectively, with the former being favored.7 In this context, we demonstrated that Rh2(S-
PTPA)4-catalyzedcyclization of N-alkyl-N-tert-hutyl-u-methoxycarbonyl-a-diazoacetamides led to the
<I:xclusiveformationof 2-azetidinonederivativesof up to 74~0ee.4 On the other hand,Wee and his coworketx
I:ecentlyreported that Rb2(OAc)4-catalyzed cyclizationof N-alkyl-N-p-methoxyphenyl-a-alkoxycarbonyl-et-
diazoacetarnidesbearing a chiral auxiliaryalcohol resulted in the predominantor exclusive formation of 2-

R= Me:Rh@PTA)4,R= Bn:I@(S-PTPA)4 X=CH2:t?hI(f&MEpy)4 RttI(S-TBSP)4
R= i-pr:Rb2(S-PTV)4,R= t-Bu:Rft2(S-PlTL)4 X = O:Rb2(4s-~x)4
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pyrrolidinonederivativesof up to 98% de, whereintheN-p-methoxyphenylsubstituentplayeda dual role as a
practicaJnitrogenprotectivegroupas well as a site-controlelemm2t.6,8

Inspiredby Wee’ssite- and diastereoselectiveconstructionof 4-substituted2-pyrrolidinones,we initially
explotedcyclizationof N-phenylethyl-N-p-methoxyphenyl-a-metioxycmbonyl-a-diazoace~mide(1) with the
aid of 2 mol % of Rh2(S-PTPA)4(eq 1). While Rh2(OAc)4-catalyzedcyclization of 1 afforded trans-3-
methoxycarbonyl-4-phenyl-2-pyrrolidinone 26,9via aliphatic C-H insertion and 2(3H)-indolinone 3 via

aromatic C-H insertion in 64910and 12% yields, respectively, Rh2(S-PTPA)4-catalysisof 1 was found to
produce3 in 6870yield alongwith less than5% of2. No traceof2-azetidinonederivativescouldbe detectedin
either case. The difference in predominant insertion sites with Rh2(OAc)4 and Rh2(S-PTPA)4 can be
rationalizedby assumingthat aromaticC-H insertionproceedsvia an electrophilicadditionof the rhodium
carbenecarbonto the aromaticringratherthanvia a directC-Hinsertionmechanismas pointedout by ourselves
~d other groups,3a,10-12whereinaliphaticC-H insertion k presumed to be more sensitive to nonbonding
interactionswith the bridgingligandson the rhodiumrelativeto aromaticC-H insertion.
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At this point, we envisagedthat,by switchingthesubstituentat thepara positionon the benzeneringfrom
the electron-donatingmethoxygroupto the electron-withdrawingnitro group,formationof 2(3H)-indolinones
via an electrophilicaromaticsubstitution-typereactioncouldbe suppressedin favorof the ringclosureleadingto
2-pyrrolidinones.Indeed,we foundthat cyclizationof N-phenyletiyl-N-p-nitrophenyl-a-metioxycmbonyl-a-
diazoacetamide(4ri)in the presenceof Rh2(S-PTPA)4gaveexclusivelytrarrs-3-methoxycarbonyl-4-phenyl-2-
pyrrolidinone5a9 in 82% yield, with no trace of 2(3H)-indolinoneor 2-azetidinonederivatives (eq 2). The
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a: R = Ph, b: R=p-MeOC,J14,c:R=p-NQC#4, d:R = Me, e: R = Et

enantioselectivityin this reactionwas determinedto be 47Y0ee by IH NMRspectroscopyusing Eu(hfc)3as a
chiral shift reagent.13 The preferred absoluteconfigurationat the insertion site was established as R by its
transformation[(1) NaCl, aq. DMSO, 160“C, 2 h; (2) Fe,14AcOH, reflux, 2 h; (3) eerie ammoniumnitrate
(CAN),15MeCNl to the known 4-phenyl-2-pyrrolidinone(6a), [cx]D25-17.9 (c 1.07,MeOH) [lit.,16[cx]D25
-37.8(c 0.95, MeOH)for (R)-6a];undoubtedly,the above% ee valuewas virtuallyconsistentwith that based
on the optical rotationvalue. We next screenedotherchiraldirhodium(II)carboxylates,Rh2(S-PTA)4,Rh2(S-
PTV)4,Rh2(S-P’lTL)4,and Rh2(S-TBSP)417,and the results are summarizedin Table 1. While a consistent
sense of enantioselection was observed in all cases, 70 ee values were dependent on the catalyst. Of
dirhodium(II)carboxylatesincorporatingN-phthrdoyl-(S)-aminoacids,Rh2(S-P’fTL)4characterizedby a bulky
tert-butylgroupprovedto be the catrdystof choicefor displayingthe highestdegreeof enantioselectivity(74%
ee, entry 4), though we cannot presently rationalize the effect of the bridging ligands on the degree of
enantioselection.It is worthyof note that theenantioselectivityobservedwithRh2(S-TBSP)4developedby
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Davies17 was 67. ee (entry 5), suggesting the Table1. EnantioselectiveIntramolecularC-H Insertion of
unique ability of our dirhodium(II)complexes.18 a-Diazoacetamide4a Catalyzedby Chiral Rb(II) Catafyst

With the effectiveness of Rh2(S-P’ITL)4 as entry Rh(II)catafyst time, h % yield” % eeb Contlgnc
the catalyst identified, we then explored ~ PAZ(S’-PTPA)44 82 47 3S,4R
cyclizationof ct-diazoacetanilides4b-e possessing z Rh2(S-PTA)4 5 83 47 3S,4R
substituents other than a phenyl group at the 3 Rh2(S-PTV)4 3 82 26 3S,4R
insertion site. The results are summarized in 4 Rft2(S-PlTL)4 5 80 74 3S, 4R
Table2. While the same senseof enantioselection 5 Rhz(S-TBSP)4 4 87 6 3S,4R
as that with 4a was observed in every case, the ‘lsotatedyield. %etcnninedby IHNMRanatysisusingEu(hfc)s
aryl group at the insertion site was found to asa chirafshift reagent. CSWthe text.

exhibit much higher enantioselectivitiesthan the
alkyl group (73-81%ee vs 33-34%ee, entries 1-3vs 4 and 5). We previouslyobservedsimilar substituent
effects in enantioselectivesynthesisof 3-substitutedcyclopentanonesvia C-H insertion,wherethe introduction
of an electron-donating methoxy group at the para position on the benzene ring sharply diminished the
enantioselectivity.2bIn the presentreaction,however,a little variationin enrrntioselectivitieswas observedby
the introductionof electron-donatingor electron-withdrawinggroupson the benzenering (entries 1-3),which
providesaddedflexibilityin the presentprotocol,

Table2. EttantioselectiveSynthesisof4-Substituted 2-PyrrolidinonesCatafyzedby Rh2(S-FfTL)4

substrate 2-pyrrolidinones

entry R time,h % yield” [a]D (c, CHC13) % eeb contign

1 da ph 5 5a 80 +7.18 (1.12) 74 3s,4fF
2 4b p-kfeOCtjH4 4 5b 72 +12.6 (1.17) 81 (3S,4R)d
3 4C P-NO&H4 8 5C 81 +14.0 (1.05) 73 (3S,4R)d
4 4d Me 3 5d 82 -2.11 (1.06) 33 3s,49
5 fk Et 4 5e 84 -4.67 (1.07) 34 (3s,4S$

“Isolated yield. %kerntined by ‘H NMR anatysis usingEu(hfc)3as a chirafshift reagent. ‘See the text. ‘Assigned by aoatogy.
‘The preferred absolute configuration at insertion sire of 5d was established as S by its transformation to the fmown (S)AL
methyl-2-pyrrolidinone. See rcf 19.

Finally, we applied the present methodto the synthesisof (R)-(-)-baclofen,a typical GABABreceptor
agonist (Scheme 1).20 There have recently been reported a number of syntheses of (R)-(-)-baclofen via
chemoenzymaticzland diastereoselective22approaches,but a catalytic,enarttioselectivesynthesishas not yet
been addressed. Toward this end, N-2-@-chlorophenyl)ethyl-N-p-nitrophenyl-a-methoxycwbonyl-a-diazo-
acetamide (8) was prepared from commerciallyavailable2-(p-chlorophenyl)ethylamine(7) by condensation
with 4-fluoronitrobenzene23followed by N-acylation and subsequentdiazo transfer in 87% overall yield.
Cyclization of 8 with the aid of 2 mol % of Rh2(S-PTTL)4proceededuneventfullyto afford the desired 2-
pyrrolidinone9, [a]D25+16.8 (c 0.85, CHC13),in 83%yield, the enantioselectivityof which was determined
to be 82% ee by IH NMR spectroscopyusing Eu(hfc)3as a chiral shift reagent. Successive removal of the
methoxycarbonyland p-nitrophenyl groupsfrom 9 furnishedthe knownIactam 10, mp 108-115‘C, [~]D25
-33.4 (c 1.01, EtOH), in 76% yield, which, upon one recrystallization from AcOEt-hexane, produced the
optically pure sample, mp 113-114‘C , [CC]D25-39.1 (c 1.03,EtOH) [lit.,22bmp 112 “C, [cx]D25-39 (c 1,
EtOH) for (R)-1O]in 79% yield. Acidic hydrolysisof 10 afforded(R)-(-)-baclofen as its hydrochloride,mp
214-215‘C (deC),[U]D25-1.42 (c 1.12,H20) [lit.?4 mp 215 ‘C (dec), [@D25-1.4 (c 1, H20)].

In summary, we have achieved the first catalytic, enantioselective synthesis of 4-aryl-substituted 2-
pyrrolidinonesof up to 82$Z0ee via Rh2(S-PTI’L)4-mediatedC-H insertionof a-methoxycarbonyl-a-diazo-
acetarnides,whereinthe dualroleof theN-p-nitrophenylsubstitutentas a practicalnitrogenprotectivegroupas



82

7

.-yff

c1,–, c1 ~ (5
cl

a-c /\ e-h
6
/\

o :1
Me02C ,$—

h

,.+.

8 N02 oN J3-ON

, ‘1
i

uHx’ ‘ o:1 1+

10

H02~ JJH2.HCI N02
9

(R)-(-)-Baclofen.HCl

Scheme1. Reagentsandconditions:(a)4-fluoronitrobenzene,KzC03,EtOH, 160 ‘C, 18h, 95%; (b) MeQCCH2COCl, Et3N,
CHZCIZO“C, 2 h, %%; (c) p-acetamidobenzenesrdfonylazide, DBU, MeCN, O“C, 3 h, 95%; (d) Rh2(S-PlTL)4 (2 mol %),
CHZCIZ23 “C, 6 h, 83% (82% ee); (e) NaCl, act.DMSO, 160“C, 2 h, 96%; (f) Fe, AcOH, reflux, 2 h, 97%;(g)CAN,MeCN,
H20,O“C,1.5h, 81%;(h)recrystallizationfrom AcOEt-n-hexane(>99%ee), 79%; (i) 6N HC1,reflux,6 h, 74%.

well asa site-controlelementhas provento be crucialto the success. Theefficiencyof the presentprotocolhas
beenverifiedwell by a short-stepsynthesisof (R)-(-)-baclofen,thusprovidinggreatpotentialfor a facile access
to its novelanaloguesfor biologicalandpharmacologicalinvestigations.25
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